Alterations in lung fluid balance, increases in endothelial and epithelial permeability, and severe tissue damage have been widely described in animals following injurious mechanical ventilation and regrouped under the term ventilator-induced lung injury (VILI) [1] . The clinical relevance of VILI was highlighted by the acute respiratory distress syndrome (ARDS) Network trial that showed a 22% reduction of mortality in patients with ARDS when the mechanical stress applied to the lungs was lessened by reducing the tidal volume applied [2] . The pathophysiology of VILI is unequivocal, and several mechanical determinants of VILI have been identified to date: (1) regional overdistension caused by the application of a local stress or pressure that forces cells and tissues to assume shapes and dimensions that they do not assume during unassisted breathing [3] [4] [5] ; (2) so-called ''low volume injury'' associated with the cyclic recruitment-derecruitment of lung units [6] , which causes abrasion of the epithelial airspace lining by interfacial forces [7] ; (3) inactivation of surfactant triggered by large alveolar surface area oscillations [8]; (4) the interdependence mechanism that raises cell and tissue stress between neighboring structures with differing mechanical properties [9] . Early experimental studies demonstrated that the main determinant of VILI is lung end-inspiratory volume, associated with high transpulmonary pressures [10, 11] . Thus, the term ''volutrauma'' is preferred to the term ''barotrauma'', since the absolute level of airway pressure per se is not injurious [10] .
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The severity of VILI depends both on the degree (as determined by ventilator settings) and duration of the mechanical insult applied to the lungs and on the sensitivity of the lungs to VILI, which differs according to animal species. For example, Webb and Tierney demonstrated that rats subjected to mechanical ventilation using peak inspiratory pressures of 30 or 45 cmH 2 O developed pulmonary edema within 60 and 20 min, respectively, following its onset [3] , and Dreyfuss et al. showed that pulmonary edema occurred after only 5 min of injurious mechanical ventilation in healthy rats [5] . In contrast, in larger animal species, longer ventilation periods and higher peak inspiratory pressures are required for the development of VILI: lambs mechanically ventilated at 58 cmH 2 O peak inspiratory pressures for 6 h only developed mild pulmonary edema [12] , and the average time required for the development of impairment in gas exchanges and pulmonary mechanics in sheep ventilated with 50 cmH 2 O peak inspiratory pressures was 24 h [13] .
Clearly, the ventilation time needed to produce severe edema is less than 1 h in small species but in the 24-h range in large animals.
Gatinoni and colleagues have recently introduced new conceptual insights into the study of VILI mechanisms by considering the different effects of strain [i.e., the ratio between volume change (tidal volume plus positive endexpiratory pressure volume) and lung resting volume] and stress (i.e., the transpulmonary pressure) on the expanding lung [14, 15] . Performing computed tomography (CT) imaging on patients with ARDS, they demonstrated that neither the plateau pressure nor the tidal volume applied were adequate surrogates for lung stress and strain due to the large variability of both the functional residual capacity and the chest wall mechanics-i.e., the position of the tidal volume varied along the pressure-volume curve of the respiratory system [14] . In an article appearing in the current issue of Intensive Care Medicine, Caironi et al. report the results of a meta-analysis aimed at testing their hypothesis that only the extent of the maximal stress and strain applied to healthy lungs can account for the timecourse of the development of VILI among different species [16] . These authors retrospectively selected and reviewed 20 articles, including those on five mammal species, which report data on healthy animals ventilated until the achievement of a pre-terminal lung injury. The main finding of their meta-analysis was that the time of achievement of a pre-terminal VILI was inversely and exponentially correlated with the lung strain applied (r 2 = 0.85), as well as with the lung strain weighted for the inspiratory/expiratory time (r 2 = 0.83). This finding provides a unifying rule describing the time-course of VILI in mammals with healthy lungs. Interestingly enough, when the lung strain rose above a threshold value of 2 (e.g., as would be obtained after inflating 5 L of gas into the lungs of a 70-kg healthy male human being having a functional residual capacity of approximately 2.5 L), the time to achieve VILI dropped down to few minutes; in contrast, below this threshold value, the time-course of VILI was much slower. This result suggests that the contribution of mechanisms other than lung strain to the development of VILI, such as those occurring at low lung volume, is relatively more important. The lung strain threshold reported by these authors is consistent with the existence of an airway pressure threshold above which dramatic increases in lung microvascular permeability occur [4, 17] . When the lung strain applied was accounted for, the time to achieve VILI was greater in larger animals than in smaller ones, implying that the former are more resistant to VILI than the latter. Lungspecific compliance (i.e., lung compliance normalized by lung resting volume) is identical from ''bats to whales'' [18] and can thus hardly be considered as an important factor determining the different sensitivities of mammal species to VILI. As discussed by Caironi et al., the greater sensitivity of small animals to VILI can be partially explained by a lower functional residual capacity relative to body weight and by a lower contribution of chest wall to respiratory system elastance, both leading to a greater strain than that which occurs in larger animals following the application of a similar transpulmonary pressure [16] . That the mammal species in their meta-analysis exhibited different lung deformation in response to the application of an equivalent stress likely explains the finding that, as opposed to lung strain, lung stress was poorly associated with the timecourse of VILI (r 2 = 0.25). The study by Caironi et al. [16] certainly has several limitations related to its retrospective nature: (1) the formula used for the computation of strain relied on the assumption of a mono-alveolar lung model and thus did not account for lung heterogeneity and the possibility of alveolar recruitment during inflation; (2) functional residual capacity and partitioned lung mechanics were not actually measured but derived from previously published morphometric data in healthy animals; (3) the lack of assessment of other mechanisms/determinants of VILI than stress and strain, i.e., mainly cyclic recruitmentderecruitment and regional stress and strain heterogeneities. It must also be emphasized that the exponential relationship linking the time to achieve VILI with lung strain only holds true in a specific experimental setting, i.e., VILI developing in normal lungs, and has not been tested in animals with pre-injured lungs [19, 20] . This relationship can thus not be extrapolated to humans with diseased lungs. In fact, the same group has recently demonstrated that the amount of lung cyclically opening and closing, but not lung stress and strain, is associated with mortality in ARDS patients [21] .
Regardless of these limitations, the article by Caironi et al. [16] will further our understanding of the interspecies differences that characterize the time-course of experimental VILI developing in healthy lungs. As such, it provides key information that will improve our understanding of the discrepancies between the experimental studies that led to the very concept of VILI. As a matter of fact, current aspects of the management of ARDS patients, such as tidal volume reduction, were derived from these seminal studies involving both small and large mammals and even applied to patients before the publication of the ARDS Network study [2, 22] . Of course, the contribution of lung strain to the time-course of VILI must not obviate that of other potential contributors to VILI, such as cyclic recruitment-derecruitment, when mechanical ventilation is applied on previously diseased lungs [21, 23] . Finally, the clinical relevance and the extent to which strain is deleterious are to be confirmed since a meta-analysis in ARDS patients revealed that the application of higher versus lower positive end-expiratory pressure levels, with the associated increase in lung strain, led to a reduction in mortality [24] . Further studies are thus warranted to assess whether this unifying relationship could be applied to earlier endpoints than preterminal VILI and to previously injured lungs.
